1. Introduction {#s0005}
===============

Diabetes mellitus (DM) is most devastating, chronic, common non-communicable disease (NCD) and has become a serious problem globally. The number of the diabetic population around the globe is continuously increasing with a current estimation of 371 million cases in 2012 and it is expected to reach 552 million by 2030 ([@b0135]). It is also estimated that 5% of all deaths in the world are caused by diabetes and the number is rapidly increasing. Among two general types of diabetes, type 1 diabetes (TIDM) is characterized by immune complex mediated attack on insulin producing β cells of the pancreas ([@b0020]). Type 2 diabetes (T2DM) arises due to either insufficient insulin synthesis or the body's inability to respond secreted insulin and leading to glucose build-up in the blood ([@b0070]). The impairment in glucose control leads to both micro and macro vascular complications that often result in the other clinical conditions associated with diabetes.

The chemical methods of treatment for diabetes do not address the causes of the disease and have side effects. Thus, there is an obvious search for the suitable alternative treatment methods. The current cellular based therapeutic method for the treatment of diabetes is focused on the transplantation of either the pancreas or islet-cells to reconstitute the insulin-secreting functional β cells. However, this technique is hampered by a shortage of donor organs. All these issues paved the way to explore the research possibilities of generating pancreatic β cells from stem cells. The unique regenerative properties of stem cells could be a vital tool which can be exploited in the treatment of diabetes. Developing a renewable source of islets with stem cells would circumvent the current supply/demand issues in islet transplantation and provide patients with a long-term source of insulin-producing β-cells. Thus, stem cell investigation has become the centre of attraction for diabetic treatment ([@b0210]). This article reviews the progress of stem cell research made in the field of diabetic treatment and practical hurdles associated with it.

2. Stem cells and their therapeutic potential {#s0010}
=============================================

The stem cells are more gifted and are responsible for the formation of different types of cells during the early embryonic life and the later growth of the organism. Stem cells possess an exceptional quality to replenish itself and to produce any specialized cell types under appropriate microenvironment. A rapidly dividing stem cell produces two new cells, each having two choices depending upon the requirement of the organism. Thus, a newly produced cell either may remain as a stem cell or it may undergo further differentiation to become a more specialized cell with specific function. The stem cells have the potential to become any type of specialized cell such as a myocyte, blood cell, hepatocyte and brain cell ([Fig. 1](#f0005){ref-type="fig"}). The stem cells can rapidly divide in some organs such as bone marrow and gut to repair and replace the damaged tissues. However, in some other organs such as in the heart and pancreas, the stem cells remain as a resident cell and undergo division only under specific requirement.

The stem cells can be classified in many ways based on the origin, potential, source and method of derivation etc. In general, based on the source, stem cells can be broadly classified into two types as embryonic stem cells (ESCs) and adult stem cells. The ESCs are obtained from the inner cell mass of a 4--5-day old embryo (blastocyst). Nearly, three decades ago, the researchers isolated the ESCs from the mouse embryos ([@b0090], [@b0205]). Later, [@b0280] were successful enough to isolate and continuously culture the ESCs of a human blastocyst ([@b0280]). The ESC are capable of forming the cells of all three germ layers and they are termed as pluripotent stem cells ([Fig. 2](#f0010){ref-type="fig"}). The adult stem cells are very rare stem cells found in almost all major organs and are referred as multipotent cells due to their limited ability to differentiate.

Scientists around the globe are making a considerable effort to make use of different type stem cells for the treatment of various medical conditions ([@b0185]). Although as yet there have been no approved treatments using ESCs, adult stem cell use has become fairly common in medical practice. Bone marrow transplantation employs hematopoietic stem cells (HSCs) taken from donor marrow to successfully treat leukaemia and other haematological malignancies. This success has led researchers to explore other uses, including the treatment of stroke ([@b0100]), blindness ([@b0005]) and even myocardial infarctions ([@b0215]). The stem cell based therapy for diabetes, aims to replace the diseased or lost cells of the pancreas by using pluripotent or multipotent stem cells. The research to date has explored the potential of different type of stem cells (induced pluripotent stem cells (iPSCs), embryonic stem cells (ESCs) and adult stem cells) by various approaches to generate surrogate β cells or to restore β-cell function ([Fig. 3](#f0015){ref-type="fig"}).

3. Adult stem cells and diabetes {#s0015}
================================

3.1. Pancreatic stem cells {#s0020}
--------------------------

The technological advancements over a decade enabled the scientific community to derive stem cells from various types of tissue sources including bone marrow, umbilical cord blood, adipose tissue, skin, periosteum, dental pulp etc. The pancreas is an organ of first choice to be looking for the potential stem cells. Animal studies have shown that the availability of small amounts of pancreatic tissue would restore the maximum pancreatic β-cell mass ([@b0040]). This is due to the replication of differentiated β-cells of pancreatic ducts and dedifferentiation of these cells to pluripotent cells that in turn produce more β-cells. Further investigation revealed that this population of ductal cells could, *in vitro*, be cultivated and directed to form insulin producing clusters ([@b0045], [@b0095]). [@b0240] developed a clonal population of adult pancreatic precursor cells from ductal cells that can produce both C-peptide and insulin. Studies have shown that the islets of both rodent and human contains multipotent stem cells ([@b0080], [@b0335]). Earlier, many researchers raised their speculation about the existence of pancreatic adult stem, despite the progress and promise of pancreatic stem cells ([@b0075]). Later, [@b0300] have provided a strong evidence for the existence of multipotent progenitor cells in the pancreatic ducts of mice that can give rise to new β-cells ([@b0300]). These studies and other reports conclusively prove two facts, first the existence of pancreatic stem cell and second the β-cells can be formed from non-β-cells. However, further research needs to focus on finding and activating pancreatic stem cells in diabetic patients to promote β-cell formation. More research strategies are required to develop suitable methods to address the issue of isolation and *ex vivo* expansion of these stem cells for transplantation (Michael et al., 2010).

3.2. Haemopoietic progenitor cells {#s0025}
----------------------------------

The adult stem cells of the haemopoietic system, like HSCs and mesenchymal stem cells (MSCs) are having the ability to transdifferentiate into a number of other cell lineages, including the liver, brain, lung and even gastrointestinal tract cells ([@b0050], [@b0140], [@b0155], [@b0170]). This multipotent differentiation of haemapoietic progenitors was explored in greater detail by various groups of researchers to replenish the β-cell population in T1DM.

The mouse bone marrow cells were differentiated into functionally competent β-cells in an *in vivo* experiment ([@b0130]). Similar experiments with mice showed that bone marrow cells can be targeted to the pancreas and that hyperglycaemia can be reversed ([@b0110]). Studies carried out with autologous HSCs showed improvement in both type 1 ([@b0055]) and type 2 diabetes mellitus ([@b0085]). These trials provide promising results for the use of autologous HSCs in the treatment of diabetes.

3.3. Other adult stem cells {#s0030}
---------------------------

The liver and small intestine are extensively studied as potential sources of pancreatic β-cells. These organs have an edge over others as they are derived from endoderm along with the pancreas. Different research groups around the nations have successfully transdifferentiated rodent hepatic cells into insulin-producing cells via multiple genetic approaches ([@b0030], [@b0150], [@b0235], [@b0310]). Regardless of the method used, amelioration of hyperglycaemia was achieved by these cells in the mouse models. This created hope among the researchers to search for extra-pancreatic sources of insulin ([@b0325]).

Many other stem cell resources have been explored for the production of insulin secreting β cells and different degrees of success have been achieved with them. The resources include the stem cells of the small intestine ([@b0265], [@b0315]), salivary glands ([@b0225]) and adipose tissue ([@b0285]). However, many experimental results and the embryological proximity of the liver to pancreas suggest that this organ could be an ideal non-pancreatic stem cell source of β-cells that can be utilized the cure of diabetes. In the years to come, the hepatic production of insulin has the potential to become a viable source for β-cell replacement. This is possible not before addressing the practical hurdles associated with these cell lines, culture conditions, complete differentiation, and islet structure formation etc. (Michael et al., 2010).

4. ESCs and diabetes {#s0035}
====================

The pluripotent nature of the ESCs has been hailed for long by the researchers and these cells are explored for their use in a number of medical conditions, including diabetes ([@b0290]). ESCs are viewed as an excellent resource for the generation of insulin secreting islet cells through the established developmental and differentiation pathways. Theoretically it is possible, despite the difficulties, that ESCs could be directed to differentiate into pancreatic islet cells and these cells could then be implanted in patients with diabetes, thus the β-cell deficit could be circumvented.

Over a decade ago, pancreatic islet cells were produced from mouse ESCs. The researchers developed insulin-secreting clones from a genetically engineered and drug-selected mouse ESC line. These cells were transplanted into diabetic mice and resulted in the amelioration of hyperglycaemia for few months ([@b0255]). A number of other groups have also utilized both mouse ([@b0035], [@b0120], [@b0145], [@b0190], [@b0175]) and human ([@b0015], [@b0245]) ESCs for their studies and have reported the different degree of success in producing islets. All these efforts have come across different issues that include final cell homogeneity ([@b0190]), immaturity of the differentiated cells ([@b0245]), low numbers of insulin-producing cells ([@b0125]) and a poor insulin response when the cells were exposed to glucose ([@b0015], [@b0220]). To add this, few groups of researchers also argued that these cells were not actually insulin producing cells as they could not produce C-peptide and intracellular insulin once the cells were cultured in insulin-free medium ([@b0105], [@b0230], [@b0250]). Despite the ray of hope, it was certainly proving difficult to create reliable insulin-producing β-cell phenotype from ESCs. All these issues collectively forced the researchers to rethink their differentiation strategies and [@b0165] developed a recipe to convert mouse ESCs into definitive endoderm ([@b0165]). This protocol was redefined by D'Amour et al. to produce a near 100% pure definitive endodermal cell population ([@b0060]). The same group had demonstrated the production of pancreatic endocrine hormone- producing cells that contained both insulin and C-peptide by a five stage *in vitro* differentiation process ([@b0065]). Through these inventions, these researchers were able to produce insulin from these cells in the range of human islets; but could not establish the insulin response to glucose. Later, this response was achieved by [@b0160] as the hyperglycaemic responsiveness is a crucial characteristic that is needed for any potential cellular diabetic therapy. This group transplanted their unique differentiated cells that resemble 6--9-week-old embryo into the immunodeficient mice and showed that the insulin release was glucose-dependent. This allowed the cells to both recover mice from STZ (streptozotocin)-induced diabetes as well as to prevent it ([@b0160]). These discoveries may lead the way for ESCs to become a strong candidate for cellular replacement therapy in T1DM in near future.

5. Induced pluripotent stem cells and diabetes {#s0040}
==============================================

The production of pluripotent stem cells from non pluripotent resource is referred as induced pluripotency. Somatic cells can be reprogrammed to produce pluripotent stem cell under specific conditions and such cell is known as induced pluripotent stem cell (iPSC). Induced pluripotency is achieved by directed expression of specific transcription factors ([@b0305]). The induced pluripotent stem cells (iPSCs) exhibit high telomerase activity similar to that of ESCs and possess hypomethylated gene promoters ([@b0200], [@b0270]). These iPSCs are preferred choices of cell based therapy for diabetes management as they can be patient specific and eliminate the possibility of likelihood rejection. The fibroblast cells are induced to produce iPSCs and these cells are later converted to pancreatic beta like cells by a three-stage differentiation process. The transplantation of fibroblast derived beta like cells in diabetic mouse model was effective in controlling hyperglycaemia for long term ([@b0010]). Zhang and colleagues have shown that the human ESCs and iPSCs were differentiated into mature pancreatic cells that were capable of secreting both insulin and C-peptide ([@b0330]). The lentiviral transfection method is utilized to reprogramme the adult pancreatic beta-cells into iPSCs. The produced cells were capable of differentiating into cells of all three germ layers ([@b0195], [@b0260]). The fibroblastic cells of type 1 diabetic patient were induced to produce pluripotent stem cells by the lentiviral transfection method and the produced cells are identified as insulin secreting cells ([@b0195]). The above mentioned research innovations and recent progress in the field of induced pluripotency would allow the usage patient-specific iPSCs for cell based therapies in diabetes. However, the safe usage of iPSCs for diabetes management must be ensured as these cells exhibit irregular behaviour and significant variations in reprogramming ([@b0180]).

6. Hurdles in the progress {#s0045}
==========================

Despite the valiant strides made in the field of stem cell biology over a decade, the usage of stem cells in diabetes treatment is still in its primitive stage. The effective and full-fledged usage of stem cells relies upon how well the associated issues and hurdles are resolved. The stem cell based cure of diabetes will become reality only when all the difficulties are properly identified and effectively addressed. The progress of stem cell research has been hampered by both technological as well as ethical issues. The predominant concerns associated with the development of a potential source of stem cells for the treatment of diabetes have been listed in [Table 1](#t0005){ref-type="table"}.

6.1. Safety aspects {#s0050}
-------------------

The ability to form teratomas and the potential risk of malignancy are the key features associated with the usage of ESCs ([@b0175]). Thus, there should be a rigorous testing and screening for potential side effects before using it in clinical trials and for treatment in human population.

6.2. Transplantation issues {#s0055}
---------------------------

The autoimmune rejection is a major issue during transplantation and that requires a stable and appropriate immunosuppression regime. Current transplantation protocols need to be stabilized with the standard testing module. Stem cell transplantation requires a number of studies to discuss the issues associated with the transplanted cell survival, stability and durability in the new microenvironment with appropriate vascular and neural support.

6.3. Scale up issues {#s0060}
--------------------

Once the appropriate developmental procedures are optimized then comes the scale up issues. The quantity of cells needs to meet the demands for further research including clinical trials. Thus it requires efficient techniques to maximize the yield by adjusting the culture requirements. To maintain the balance between the demand and usage, the scale-up potential of stem cells needs further exploration to provide an excess of transplanted cellular reserves.

6.4. Ethical issues {#s0065}
-------------------

Due to the nature of its origin, the ESCs are the hot target for the ethicists. Generally, ESCs are usually derived from unused and/or unfertilized embryos at *in vitro* fertilization clinics. These ESCs need to be procured from the donor on the basis of informed consent before using them for any clinical study. However, in most of the cases the cells from the embryo are obtained by destroying the embryo and that rises the question about the origin of life and ethical rights to destroy the embryo. The answer will lead into the never ending debate and it is always advisable to follow the set of rules that are laid by the governing bodies around the globe based on the sentiments and beliefs of people from that particular geographical location. The adult stem cells are preferred over their embryonic counterpart as there is no much controversy about the usage of adult stem cells. However it is always safer to adopt the policy of transparency regarding the derivation and usage of stem cells whatever may be the source of their origin. The recent technological advancements in the field of induced pluripotent stem cell research allow the usage of persons own stem cells for different purposes ([@b0115], [@b0320]). In such cases, adult cells are reprogrammed to the pluripotent state and subsequently differentiated into functional β-cells. This technique may eventually solve the issues associated with the embryonic stem cells but adds further safety burden probably to be solved in the near future.

7. Conclusions {#s0070}
==============

Over a decade of research clearly suggests that insulin producing cells may be derived from stem cells. However there is a need for further development of methods for differentiation and selection of completely functional β cells. The regeneration of β cells is possible by controlling the regulation of various factors. Exploration of these β cell regulation pathways would be logical strides towards the curative efforts in diabetes treatment. Despite the achievements and progress with the stem cells, the key issues like safety concerns, teretoma formation, transplantation issues and autoimmune response, and ethical dilemmas of ESCs limit their further exploration in clinical trials. Similarly, the issues associated with the scale up production, hamper the exploration of adult stem cells and iPSCs to be used as a choice of therapeutic resources. The scientific effort of a past decade enabled us to produce insulin secreting cells and the future years may come up with the solutions to use stem cells as a therapeutic agent to cure diabetes.
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###### 

Primary concerns associated with stem cells in the treatment of diabetes.

      Forefront issues associated with the stem cell usage for diabetic treatment
  --- -----------------------------------------------------------------------------------
  1   Safe administration and potential risk of teratoma formation.
  2   Transplantation complications and acclimatization in the tissue microenvironment.
  3   Side effects and risk factors associated with immunosuppression.
  4   Scale up potential of stem cells.
  5   Ethical issues concerned with the use of ESCs.
